Probability bounds analysis as a way to open up for
semi-automatic quantification of bias terms in
RoB-adjusted evidence synthesis

Ullrika Sahlin, Lund University, Sweden




80 5Ty
£y

- NG
M§ ]
{"‘%:wg}d‘

= .
UNITED STAFES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON. D.C. 20460

FEB 26 1992

MEMORANDUM

SUBJECT: Guidance on Risk Characterization for Risk Managers

FROM:

TO:

and Risk Assessors

f

A
F. Henry Habicht IBﬁC}r’
Deputy Administrato ﬂ
Assistant Administrators
Regional Administrators

Regarding risk characterization, key scientific ‘
information on data and methods (e.g., use of animal or
human data for extrapolating from high to low doses,
use of pharmacokinetics data) must be highlighted. We
also expect a statement of confidence in the assessment
that identifies all major uncertainties along with
comment on their influence on the assessment, '
consistent with guidance in the attached Appendix.



Uncertainty analysis
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Sources of uncertainty in |
INPUTS & METHODOLOGIES

My favourite short list (van der Bles et al. 2019):

1. Variability within a sampled population or repeated measures leading to, for
example, statistical margins-of-error

2. Computational or systematic inadequacies of measurement

Limited knowledge and ignorance about underlying processes

4. Expert disagreement

.
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Data, Evidence and Modelling considered [
together with Sources of Uncertainty
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SUMMARISE

WHAT to be uncertain about:;

Facts - categorical variables that are (at least
theoretically) directly verifiable

Numbers - continuous variables that describe the
world. They may, at least in principle, be directly
observable, or they may be theoretical constructs
which are used as parameters within a model of the
world.

Scientific hypotheses - theories about how the
world works, expressed as structural models of the
relationship between variables. Scientific models
and hypotheses are, like parameters, not directly
observable ‘things’, but working assumptions.
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T

EVALUATE
REHNEor
REDUCE7

SUMMARISE

Is an agent
carcinogenic or not

The dose at which there is a
health effect

A possible mechanism for the
effect
The form of a dose-response
relationship

Van der Bles et al. 2019



Practices to communicate uncertainty occur at two levels:

e Direct uncertainty about the fact, number or scientific hypothesis. This can
be communicated either in absolute quantitative terms, say a probability
distribution or confidence interval, or expressed relative to alternatives, such
as likelihood ratios, or given an approximate quantitative form, verbal
summary and so on.

e Indirect uncertainty in terms of the quality of the underlying knowledge
that forms a basis for any claims about the fact, number or hypothesis. This
will generally be communicated as a list of caveats about the underlying
sources of evidence, possibly amalgamated into a qualitative or ordered

categorical scale.

Van der Bles et al 2019



Example of levels of uncertainty communication:

A.1.6

It is virtually certain that the global upper ocean (0-700 m) has warmed since the 1970s and

extremely likely that human influence is the main driver. It 1s virtually certain that human-caused CO»
emissions are the main driver of current global acidification of the surface open ocean. There 1s /igh
confidence that oxygen levels have dropped in many upper ocean regions since the mid-20th century, and

medium confidence that human influence contributed to this drop.

{2.3,3.5,3.6,5.3,9.2, TS.24}

Table 1. Likelihood Scale

Term™ Likelihood of the Outcome
Virtually certain 99-100% probability

Very likely i 90-100% probability

Likely Direct un&%ﬁ‘%n%nabniw

About as likely as not 33 to 66% probability

Unlikely 0-33% probability

Very unlikely 0-10% probability
Exceptionally unlikely 0-1% probability

AQrEEMENT m—

ipcc

uuuuuuuuuuuuuuuuuuuuuuu climate change

Climate Change 2021
The Physical Science Basis

High agreement
Limited evidence

Medium agreemerlndirect uncertaint

Limited evidence | Medium evidence | Rl
Low agreement Low agreement Low agreement
Limited evidence | Medium evidence Robust evidence

Evidence (type, amount, quality, consistency) =t



Example of levels of uncertainty communication:

Direct uncertainty y

Photobiomodulation compared to Placebo for Fractures

Outcomes Anticipated absolute effects’ Relative ~ Neof Certainty of the Certai nty of CO.Ch rane

(95% CI) phive participant evidence -

@ s (GRADE) the evidence

Risk with Risk with LLIT (studies)

Placebo
Pain intensity Themean  The meanpain - 106 eCD HIGH
(VAS scale; 0 to 10) pain intensity intensity in the (2RCTs) VERY LOW PPP P
Follow-up range: 1 day to 2 was 4.15 intervention group i
weeks points was 1.19 points

higher (range, 0.61 MODERATE
to 1.77 higher) ADM )
: — Indirect uncertainty
Radiographic signs of bone 1000 per 1.000 RR1.00 50 daCD
healing 1,000 per (930 to 1.000) (0.93 to (1RCT) LOW ™ LOW
(Absent fracture line) - 1.000 1.08) @@OO
Follow-up: after 2 weeks of
treatment
3 VERY LOW

Radiographic signs of bone 13 per 1.000 RR 0.33 50 Do
healing (0to 312) (0.01 to (1 RCT) LOW *¢ ®000
(Callus formation) 40 per 1.000 7.81)

Follow-up: after 2 weeks of
treatment



Example of levels of uncertainty communication:

Evidence of Cancer in | Evidence of Cancer in e e .
Mechanistic Evidence Evaluation

Experimental Ani

Probably carcinogenic
(Group 2A) /

Not classifiable
(Group 3)




Example of levels of uncertainty communication:

Initial Confidence Factors Factors Confidence
by Key Features ==p Decreasing ==p Increasing == in the Body
of Study Design | Confidence | Confidence | of Evidence
High (++++) - Risk of Bias - Large Magnitude of Effect )
4 Features - Dose Response High ( )
Features | . Unexplamed
+ Controlled e EianRs Sasanding
Moderate (+++l . cxposure Indlrect uncertalntyfedand residual
Exposure contounaing Is toward null Moderate (+++)
3 Features prior to - Indirectness |
outcome — Studies repannc ef1emand residual
"""""" e “fromnull
R e —
Low (++) < it
2Features |, i ——— o
g results, l::*l lmﬂwem thon of divection and magnitude of beas Jlﬂtions
08 |mma st on
MR relavant risk af ypes
Very Low (+) — et -
=) Thare s dct eicance of high rsk o bias practces Very Low (+)
< My inchude specfic examples of relevant high ritk of bias practices]
£1Features ] = I - e,grtﬂpar'licularhr rare outcomes

/’

Confidence in the
Body of Evidence

(++++) High

(+++) Moderate
(++) Low

(+) Very Low or No

Cvidence Identified

Step 6: Translate Confidence Ratin

(effect or no effect)

into Evidence of Health Effects

Confidence in the Direction

Level of Evidence
for Health Effectw LW VL ELEEY (effect or no effect)
Direct uncertaln NOSHECE

Moderate J +H) Maderate

\

Level of Evidence
for Health Effect
Evidence of no
health effect
[ > Inadequate

[ > Inadequate
[ Inadequate

Direction

Health effect
Health effect
Health effect
Health effect

No effect
No effect
No effect

(++) Low

(+) Very Low or No
Evidence Identified

[ Inadequate

' 4




| nteg ration QuaNtitative
Qual.itative

e Summarise side by side Indirect uncertainty Direct uncertainty

e.g. Cochrane, IPPC

e Letindirect uncertainty guide how to communicate direct

uncertainty Indirect uncertainty Direct uncertainty
e.g. IPPC ‘\-___“J'
of
29
e Integrate indirect uncertainty into the direct uncertainty, S
communicate direct uncertainty o %% R
o ¢
o’.’

e.g. IARC, OHAT .



Indirect uncertainty

Options to consider RoB in individual streams

1. Remove studies with a high risk of bias and conduct the analysis with the best

available evidence (i.e., high quality studies)
2. Evaluate using sensitivity analysis the influence of including studies of lower

guality in the meta-analysis
3. Include all (or a selection of) studies, but adjust for bias

Quantitative bias modelling (bias-adjusted
meta-analysis) Turner et al. 2009, Lash et al. 2014

‘ Bias modelling supports synthesis of
different type of streams



Quantitative
evidence synthesis

e Not biased

Internal Validity e adjusted effect

(“Risk of Bias”) i estimate

Randomization

O = &N ®m & i V0 N~ ©
L . T T T Y- - B - B B N B R R R B
> > > > > > > > > > > > > > > > > >
T © © © © © © © © © © © © ©®© © ©T ©T © |
S 2 2 2 2 2 2 2 2 B2 2 B2 2 =2 2 2 3 =3
502 B B2 B B B B B2 B B2 B B 2 B 5B
Risk of Bias Question w h @ n h v b owv h b B L @
+ = - + IEEE

Allocation concealment - EEN [ -

Confounding (design/analysis) - --- ---- --+ ]

Unintended exposure

+ o+ o+ 4
Identical experimental conditions -- + o+ ----- + - + -------
+ + + +

Adhere to protocol + + o+ - + + + + + + +

+
+
+
1
1
+
+ . ! . Study 19

Blinding of researchers during study = T I e e -

+ o+
Missing outcome data -+ --- + | = =+ ==+ - + - + - O- B. d dj t d
Assessment of confounding variables + o+ --- +  + -- + + 4+ -- - L] - . — het Iase a us e
Exposure characterization - -+ + = = 4+ # | = = = + 4+ + + + + |- qZ _ ff t t. t
Outcome assessment + + + + + + - | - + + + + + + + 0+ 0‘2 _|_ 0'2. . e eC es Ima e
inding of ++++-+++++++-+-+ + o+ het b’l,a..S?,
(o] reporting + + o+ - + + + + | - + -+

+ + + 4 -
Key: « . . ”
Definitely low risk of bias - Qua I Ity welg ht
Probably low risk of bias
Probably high risk of bias
Definitely high risk of bias -




Example: Evidence synthesis for comparison of revision rates

e The Swedish Hip Registry provides non-randomized data
submitted from all hospitals in Sweden from 1979, with
record linkage to further procedures and death. Nine-year
follow-up results are used for around 30 000 Charnley and
Stanmore prostheses.

e A U.K. Randomized Controlled Trial (RCT) randomized
around 400 patients to Charnley or Stanmore and
reported a mean follow-up of 6.5 years.

® A Case Series of around 1200 patients in a single hospital

with a mean follow-up of 8 years. Charnley and Stanmore
hip replacement

Spiegelhalter and Best, 2003 using information from a NICE review



Example: Evidence synthesis for comparison of revision rates

Table IV. Summary of evidence on revision hazards for Charnley and Stanmore prostheses:
hazard ratios <1 are in favour of Stanmore.

Charnley Stanmore Estimated
Number of  Revision =~ Number of  Revision hazard ratio
patients rate patients rate (HR) (95% int.)
Source
Fixed-effects model
Registry 28 525 5.9% 865 3.2% 0.55 (0.37-0.77)
RCT 200 3.5% 213 4.0% 1.34 (0.45-3.46)
Case series 208 16.0% 982 7.0% 0.44 (0.28-0.66)
Common-effect model
0.52 (0.39-0.67)
Quality weights [registry, RCT, case series] Random-effects model
9 [1,1,1] 0.54 (0.37-0.78)
O het [0.5,1,0.2] 0.61 (0.36—0.98)
4 = — 5 [0.1,1,0.05] 0.82  (0.36-1.67)
O het + abias,z

Spiegelhalter and Best, 2003



Example: Quantitative evidence synthesis

In favour of Stanmore In favour of Charnley

Estimate [95% PI]

Stream

Registry - 0.54 [0.35, 0.75]
RCT - 1410.30, 2.92]
Case series - 0.44 [0.26, 0.63]




Example: Quantitative evidence synthesis

In favour of Stanmore In favour of Charnley

Estimate [95% PI]

Stream

Registry - 0.54 [0.35, 0.75]
RCT - 1.41[0.30, 2.92]
Case series ' 0.44 [0.26, 0.63]
Unbiased effect L 2




Example: Quantitative evidence synthesis

Formulate a hierarchical model Find bounds on uncertainty in

combining all streams quantities of interest by
optimisation under constraints

2 2
logHR; ~ N(logHR, 0}, + %‘as,z‘) defined by the polyhedron

Make judgements or dCase = q Registry < qRrcT
assumptions about magnitude

of heterogeneity, e.g. as a 0.5 < qprer <1

prior distribution on Thet and

values and relations between 0.1 < qRegistry

the bias factors o ;Zwt

q; =
szlet + Ulz)ias,i 005 S dCase



Example: Quantitative evidence synthesis

In favour of Stanmore In favour of Charnley

Estimate [95% PI]

Stream

Registry - 0.54[0.35,0.75]
RCT - 1.41[0.30, 2.92]
Case series ' P 0.44[0.26,063]
Unbiased effect L 2

Bias-adjusted effect e




Example: Quantitative evidence synthesis

In favour of Stanmore

In favour of Charnley

Estimate [95% PI]

Unbiased effect

Stream

Reaqistry 0.594 [0.35, 0.73]

RCT - 1.41[0.30, 2.92]

Case series 0.44 [0.26, 0.63]
4 B

Blas-adjusted effect

[0.1,0.6,0.05]
Lower probability bound

[0.1,0.9,0.05]
Upper probability bound



Example 2. Bias adjustment over different domains

(%) COCh rane Trusted evidence.
= . Informed decisions.
1 Ll bra ry Better health.

Cochrane Reviews ~

Cochrane Database of Systematic Reviews Review - Intervention

Rituximab for rheumatoid arthritis

Clinical Answers «

Title Abstract

Maria Angeles Lopez-Olivo, Matxalen Amezaga Urruela, Lynda McGahan, Eduardo N Pollono,

% Maria E Suarez-Almazor Authors' declarations of interest

Version published: 20 January 2015 Version history
https://doi.org/10.1002/14651858.CD007356.pub2 &

Cohen 2006 (REFLEX)
Edwards 2004 (WATE291)
Emery 2006 (DAMNCER)

Emery 2010 (SEREME]

Random sequence generation (selection bias)

Ineomplete outcame data {attrition bias)

=

w0 [ Allocation concealment (selection hias)

=

=

=

] . . Blinding of paricipants and personnel {performance hias)

=

® | ® | ® | ® | selective reporting (reporting bias)
® O ® | ® |otherbias




Example 2. Bias adjustment over different domains

G) COCh rane Trusted evidence. N
= . Informed decisions. Title Abstract
] LI bra ry Better health.

Cochrane Reviews ~ Clinical Answers «

Cochrane Database of Systematic Reviews Review - Intervention

Rituximab for rheumatoid arthritis

Maria Angeles Lopez-Olivo, Matxalen Amezaga Urruela, Lynda McGahan, Eduardo N Pollono,
% Maria E Suarez-Almazor Authors' declarations of interest
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é
é

Version published: 20 January 2015 Version history
https://doi.org/10.1002/14651858.CD007356.pub2 &

I

Incomplete outcome data (attrition bias)

Selective reporting (reporing hias)

Other bias




Example 2. Bias adjustment over different domains

CLBZO LN FO0Z SRIEMPT

{3WIH3S) 0107 Aawlg
(430N a) 900E Malg
%37434) 9007 vaLod
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Allacation concealment (selection bias)

Blinding of paricipants and personnel (performance bias)

&
&

[

Incamplete outcame data (attrition bias)

Selective reporting (reparting hias)

COther bias

Raizes-Cruz et al., 2020



Example 2. Bias adjustment over different domains
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Random sequence generation (selection biaz)

&
&
&
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N 3 . . Blinding of paricipants and
Polyhedron
® | ® @ |~ | Incomplete outcome data (at
® | ® | ® |selectve reporting (reporting bias)
® | ®|® | ctherbias

2
V/

A

Raizes-Cruz et al., 2020

Overall effect

Estimate [95% PI]

Bias Domain LB-UB Estimate [L p2.5; U p97.5]
1-2 -l P (1.33-1.65) [0.63, 2.36]
3 .— (1.46-1.63) [0.82, 2.33]
4 ’— (1.35-1.48) [0.74, 2.11]
5-6 -’— (1.46-1.48) [0.84, 2.10]
Al - (1.36-1.64) [0.63, 2.33]
None 0 1.47[0.89, 2.05]

-0.1

I T T |
0.55 1.2 1.85 2.5

Log-Odds Ratio



Summary

e Bias modelling make it possible to integrate indirect uncertainty
into direct uncertainty, quantitatively

e |t requires a statistical model for evidence synthesis
It requires judgements on variances and bias factors
| have presented a way to use information about risk of bias in
bias adjusted quantitative evidence synthesis

e Comments and suggestions are welcome!

Thank you!
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